TENSION ADJUSTMENT MECHANISM FOR A WORK MACHINE 



Technical Field 

This invention relates generally to a tension adjustment mechanism for a 
tracked work machine and, more particularly, to a method of providing a variable 
force to the idler of the machine based on the direction of operation. 

Background 

A work machine, such as a track-type tractor or excavator, is typically 
supported and propelled by a pair of undercarriage assemblies. Each of the pair 
of undercarriage assemblies includes an endless track chain having a plurality of 
interconnected articulating components or links. Each undercarriage assembly 
typically also includes a drive wheel or sprocket and one or more idler wheels. 
The track chain is advanced around the drive sprocket and the one or more idler 
wheels. 

During operation of the work machine, it is necessary to maintain tension 
on the track chain in order to keep the chain from derailing from the drive wheel 
or sprocket or the idler wheel. In order to maintain tension on the track chain, a 
tension adjustment mechanism such as a hydraulic cylinder or coiled spring is 
often included in the undercarriage assembly. 

With regard to excavators, it is generally desirable to have the track chain 
relatively taut during performance of a digging or other type of work operation in 
order to prevent wear on the components associated with the undercarriage 
assembly and to provide a more stable work platform. A relatively taut track 
chain helps prevent the excavator from rolling back and forth within the interior 



of the track chain as a result of recoil forces generated during performance of the 
work operation. Hence, a relatively high tension level is desirably maintained on 
the track chains of excavators during a work operation, even though it is known 
that use of such a high tension level increases the rate at which components 
associated with the undercarriage assembly wear, especiall^during travel. To 
create tension on the track chain, the hydraulic cylinder or the coiled spring of the 
tension adjustment mechanism urges the idler wheel away from the drive wheel 
or sprocket, increasing the dimension of the undercarriage assembly which the 
track chain must encircle. 

In contrast, it is generally desirable to have the track chain relatively loose 
during advancement or travel of an excavator. By loosening or otherwise 
decreasing tension on the track chain, wear on the components associated with 
the undercarriage assembly is reduced. This increases the efficiency and even the 
useful life of the excavator. To reduce tension in the track chain, the hydraulic 
cylinder or coiled spring of the tension adjustment mechanism moves the idler 
wheel toward the drive wheel or sprocket a certain incremental amount. 

The tension adjustment mechanism also provides a recoil function in the 
track chain, accommodating temporary forces on the track such as when a rock or 
the like is ingested between the track and the wheels during advancement of the 
excavator. In these instances, the idler wheel is permitted to recoil toward the 
drive sprocket in order to accommodate the extra length the track must encircle in 
order to accommodate the rock without breaking. 

When traveling in one direction, the rotation of the drive wheel or 
sprocket pulls on the top flight of the track chain, exerting a recoil force on the 
idler wheel. During travel in the opposite direction, the drive wheel or sprocket 
pulls on the bottom flight of the track chain which, because the bottom flight 
bears the weight of the machine against the ground, does not significantly 



transmit that force through the track chain to the idler wheel. Conventional track 
tension/recoil systems have a tensioning mechanism for varying track tension 
based on dig and travel requirements, and accordingly are not optimized for 
either. 

U.S. Patent No. 6,249,994 ("the '994 patent") discloses a tensioning 
mechanism which decreases track tension by a predetermined amount when the 
machine is traveling. The '994 patent discloses detecting an increase in drive 
pressure when the machine goes into its travel mode (because fluid is diverted 
from a work implement to the drive system) and then decreasing tension on the 
track chain in response to the detection of the increase in fluid drive pressure. 
Conversely, the '994 patent discloses detecting a decrease in drive pressure when 
the machine goes into its work mode (because fluid is diverted from the drive 
system to the work implement) and then increasing tension on the track chain in 
response to the detection of the increase in fluid drive pressure. The '994 patent 
does not disclose, however, differentiating between directions of travel and the 
drive force required to achieve travel. 

In addition, conventional work machines do not effectively compensate 
for the advancement of the excavator under high drawbar loads, which is a 
common cause of "sprocket jumping," a condition where a bushing on the track 
chain slips over a tooth on the drive sprocket. Sprocket jumping has a 
detrimental effect on the wear of the components of the undercarriage assembly 
and on the hydraulic drive motor as it reflects large spikes in the pressure going 
into the drive motor. In addition, the recoil force created by the drive sprocket on 
the idler wheel during travel in one direction increases in proportion to the energy 
required to move the machine (referred to as drawbar load), sometimes moving 
the idler wheel too close to the drive sprocket under high drawbar loads. 



The present invention is directed to solving one or more of the problems 
or disadvantages set forth above of current work machines. 

Summary of the Invention 

The present invention provides a method of operating a track-type 
machine having a drive wheel and an idler. The method includes operating the 
drive wheel to advance a drive track around the drive wheel and the idler thereby 
moving the track-type machine. The method further includes determining a force 
to be applied to the idler based on a direction of operation of the drive wheel and 
applying the force to the idler. The method may include varying the force 
applied to the idler as a function of a drawbar load of the machine. The method 
may include sensing a pressure of fluid being used to operate the drive wheel, 
wherein the force is determined based on the sensed pressure of fluid being used 
to operate the drive wheel. The method may include determining a force to be 
applied to the idler by selecting a recoil curve, sensing a position of the idler, and 
selecting the force to be applied based on a point on the selected recoil curve that 
corresponds to the sensed position of the idler on the selected recoil curve. The 
recoil curve may be selected from a plurality of recoil curves. 

The present invention also provides a work machine that includes a source 
of pressurized fluid, a fluid reservoir, a drive track, an idler, a drive wheel, an 
actuator, a valve assembly, and a controller. The drive wheel is operable to 
advance the drive track around the drive wheel and the idler. The actuator is 
mechanically coupled to the idler and is operable to increase and decrease a force 
being applied to the idler. The valve assembly is operable to control fluid flow 
from the source of pressurized fluid to the actuator and from the actuator to the 



fluid reservoir. The controller is configured to operate the valve assembly to 
apply a force to the idler based on a direction of operation of the drive wheel 

Brief Description of the Drawings 

FIG. 1 is a side elevational view of an excavator which incorporates an 
exemplary embodiment of the present invention therein; 

FIG. 2 is an enlarged, partially cutaway side elevational view of the 
undercarriage assembly of the excavator of FIG. 1; 

FIG. 3 is a schematic illustration of a track tensioning assembly according 
to an exemplary embodiment of the present invention; 

FIG. 4 is a graph illustrating the recoil response of an exemplary 
embodiment of the present invention; and 

FIG. 5 is a block diagram illustrating a method of determining a force to 
be applied to an idler of a track-type work machine based on the direction of 
operation of the machine according to the present invention. 

Detailed Description 

The invention as described below is applied to a hydraulic excavator. It 
should be appreciated that the present invention may be applied to any type of 
work machine having an endless track, such as a rubber belt or drive track chain, 
including, for example, track-type tractors, loaders, and military vehicles. 

FIG. 1 illustrates a track-type work machine, for example, a hydraulic 
excavator 10, that is utilized to perform numerous work functions, such as 
digging and material movement. The excavator 10 may include a number of 
work implements, such as, for example, a hydraulically-powered bucket 
assembly 12, which is secured to an end of a boom assembly 14 having a boom 



arm 16 and a stick assembly 18. The excavator 10 further includes an engine 

such as, for example, a diesel engine 20, for providing the motive power for both 

advancing the excavator 10 and operating the bucket assembly 12 and the boom 
* 

assembly 14. 

The excavator 10 also includes a pair of undercarriage assemblies 30 (see 
FIG. 3), although only one undercarriage assembly 30 is shown in FIGS. 1 and 2. 
Each undercarriage assembly 30 generally includes a frame assembly 32, a drive 
mechanism 34, an idler wheel 36, and a number of midroller assemblies 38. For 
each undercarriage assembly 30, a drive track 40, such as, for example, an 
endless track chain, may be driven by the drive wheel 34 so as to be advanced 
around the idler wheel 36 and each of the midroller assemblies 38, thereby 
providing the motive power for advancing the excavator 10. It should be 
appreciated that drive mechanism 34 may comprise a drive wheel which is 
fictionally engaged with the drive track 40 or a drive sprocket which is 
mechanically engaged with the drive track chain 40. In one embodiment, the 
drive wheel 34 is positioned at a first end 40b of the assembly 30, while the idler 
wheel 36 is positioned at a second and opposite end 40a of the assembly 30. As 
shown in FIG. 1, in an exemplary embodiment, the idler wheel 36 is positioned at 
the "front" end of the excavator 10 relative to a cab 22 (discussed below), while 
the drive wheel 34 is positioned at the "rear" end of the excavator 10 relative to 
the cab 22. 

FIG. 3 is a schematic illustration of a track tensioning assembly according 
to an exemplary embodiment of the present invention. To advance the excavator 
10, mechanical output from the engine 20 (see FIG. 1) is transmitted to the drive 
wheels 34 via a hydraulic drive system 50 having one or more hydraulic drive 
motors 52. Each hydraulic drive motor 52 drives at least one of the drive wheels 
34 to advance the drive track 40 and, hence, the excavator 10. As shown in FIG. 



3, hydraulic drive motor 52a drives a drive wheel 34 associated with one 
undercarriage assembly 30a and hydraulic drive motor 52b drives a second drive 
wheel 34 associated with the other undercarriage assembly 30b. Through a drive 
system fluid circuit 54, each hydraulic motor 52a, 52b of the hydraulic drive 
system 50 is fluidly coupled with at least one source of pressurized fluid 56, such 
as, for example, a high-pressure pump (see FIG. 3). The drive system fluid 
circuit 54 supplies pressurized hydraulic fluid to the hydraulic motors 52a, 52b. 

As shown in FIG. 1, the excavator 10 also includes the cab 22 that is 
provided to enclose or otherwise house the devices associated with the excavator 
10, which are utilized by an operator during operation of the excavator 10. In 
particular, the cab 22 houses an operator seat (not shown) and a number of 
control devices such as a control lever assembly (not shown) and a foot pedal 
assembly (not shown). The cab 22 is positioned on the undercarriage assembly 30 
of the excavator 10 on a swivel 24. The swivel 24 allows the cab 22 to be turned 
in both the clockwise and counterclockwise directions relative to the pair of 
undercarriage assemblies 30a, 30b (see FIG. 3). 

In addition to the engine 20, other components of the excavator 10 may be 
positioned above the swivel 24. In one embodiment, the at least one fluid source 
56 may be positioned above the swivel 24. In another embodiment, one or more 
return tanks or fluid reservoirs 58 (see FIG. 3) may be positioned above the 
swivel 24. As shown in FIG. 3, in an exemplary embodiment, a single fluid 
source 56 and a single reservoir 58 are fluidly coupled with both the drive system 
50 that supplies hydraulic fluid to the motors 52a, 52b and a control valve 
assembly 80 (discussed below) that supplies hydraulic fluid to a recoil assembly 
64 (discussed below) of each of the undercarriage assemblies 30a, 30b. One 
skilled in the art understands that the components positioned above the swivel 24 
are connected with the components of the undercarriage assembly 30 through 



various conventional fluid and electrical lines (not shown) that travel through the 
swivel 24 or through wireless communications (such as a radio) (not shown). 
Typically, the hydraulic motors 52a, 52b of the hydraulic drive system 50 (not 
shown in FIG. 1) are positioned below the swivel 24. 

As shown in more detail in FIG. 2, each undercarriage assembly 30 
includes a track tensioning assembly 60. The track tensioning assembly 60 is 
configured to (1) provide a relative taut track configuration in order to minimize 
wear and prevent the excavator 10 from rolling back and forth during a work 
operation and (2) loosen the tension on the drive track 40 during advancement of 
the excavator 10 in order to decrease undercarriage component wear. 

The track tensioning assembly 60 includes a recoil assembly 64 having a 
yoke 62 secured thereto. As shown in FIGS. 2 and 3, the idler wheel 36 is 
rotatably coupled to the yoke 62. Movement of the yoke 62 and hence the idler 
wheel 36 away from the drive wheel 34 {i.e., in the general direction of arrow 26 
of FIGS. 1-3) increases tension of the drive track 40. Conversely, movement of 
the yoke 62 and hence the idler wheel 36 toward the drive wheel 34 {i.e., in the 
general direction of arrow 28 of FIGS. 1-3) decreases tension of the drive track 
40. 

The recoil assembly 64 includes an actuator that generally includes a 
cylinder that defines a chamber or housing, and a rod and/or a piston that are 
positioned within the housing. The components of the recoil assembly 64 are 
assembled together such that one component is fixed to the frame assembly 32 of 
the undercarriage assembly 30, while another component is moveable relative to 
the first component and is connected with the idler wheel 36 (through the yoke 62 
as noted above) so as to urge that idler wheel 36 to increase and decrease tension 
on the drive track 40, respectively. 



In one exemplary embodiment, as shown in FIGS. 2 and 3, each recoil 
assembly 64 may include an actuator, which are shown (in FIG. 3) as a right ' 
hydraulic cylinder 66a and a left hydraulic cylinder 66b for the pair of 
undercarriage assemblies 30a, 30b, respectively. The hydraulic cylinders 66a, 
66b each have a fixed cylinder housing 68 having a moveable rod 70 extending 
therefrom. The rod 70 extends from a sealed opening 72 defined in the cylinder 
housing 68. In one exemplary embodiment, a first end of the rod 70 is secured to 
a piston (not shown) within the cylinder housing 68. A second end of each rod 
70 is secured to the yoke 62 associated with the idler wheel 36. Extension of the 
rods 70 (Le., movement of the rods 70 in the general direction of arrow 26) 
causes corresponding movement of the idler wheels 36, thereby increasing 
tension on the drive tracks 40. Conversely, retraction of the rods 70 (i.e., 
movement of the rods 70 in the general direction of arrow 28) causes 
corresponding movement of the idler wheels 36, thereby decreasing tension on 
the drive tracks 40. 

In an alternative embodiment (not shown), the rod is fixed to the frame 
assembly of the excavator, and the cylinder housing is moveable relative to the 
fixed rod. In this exemplary embodiment, the cylinder housing is secured to the 
yoke such that extension of the cylinder housing causes corresponding movement 
of the idler wheel through the yoke. An advantage of this embodiment is that the 
seal between the rod and the cylinder housing is positioned within the cylinder 
housing, in a more protected environment. Generally, when the idler wheel kicks 
up debris from the ground, the seal is not positioned where the debris is kicked 
up. In an alternative of this embodiment, the recoil assembly could be a single 
acting cylinder having a single port, and the port could be in the rod. 

The disclosed system provides a method of operating a track-type 
machine, such as an excavator 10, by determining an appropriate force to be 
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applied to the idler wheel 36 based on a direction of operation of the drive wheel 
34 and then applying the appropriate force to the idler wheel 36 to achieve 
tension on the drive track 40. Determining the appropriate force to be applied to 
the idler wheel 36 may include determining a first force when the drive wheel 34 
is operated in a first direction and determining a second force when the drive 
wheel 34 is operated in a second direction, where the second direction is opposite 
the first direction. 

In one embodiment, the first direction is in the direction from the drive 
wheel 34 toward the idler wheel 36 and the second direction is in the direction 
from the idler wheel 36 toward the drive wheel 34. In the embodiment where the 
idler wheel 36 is positioned at the front end (shown as 40a in FIGS. 1-3) of the 
excavator 10 and the drive wheel 34 is positioned at the rear end (shown as 40b 
in FIGS. 1-3) of the excavator 10, the first direction is the forward direction 26 
and the second direction is the rearward direction 28. 

FIG. 5 illustrates a block diagram 500 of an exemplary operation of 
determining a force to be applied to an idler and applying the force to the idler to 
achieve a tension on the drive track. The exemplary operation commences with 
step 510. Then, in step 520, it is determined in which direction the drive 
mechanism is being operated. If, in step 530, the drive mechanism is being 
operated in the forward direction, control then proceeds to step 550 where the 
position of the idler wheel is determined. If, in step 530, the drive mechanism is 
being operated in the reverse direction, control then proceeds to step 540, where 
the fluid pressure to the drive mechanism is determined. Control then proceeds 
to step 550 where the position of the idler is determined. 

After step 550, control proceeds to step 560 where the appropriate force to 
apply to the idler is determined. While traveling in the forward direction, the 
appropriate force to be applied to the idler is based on the determined position of 



the idler. While traveling in the reverse direction, the appropriate force to be 
applied to the idler is based on the determined pressure of fluid to the drive 
mechanism and the determined position of the idler. If the machine is not 
traveling, i.e., is stopped, then the force applied to the idler is generally a single 
force applied to the idler so as to maintain a tension on the drive track. This 
single force may be higher than the force applied to the idler wheel when the 
machine is traveling in the forward direction and when the machine is traveling in 
the reverse direction. This is because when the machine is stopped, the machine 
is often in a work mode, when the tension on the drive track should be higher 
than when the machine is traveling. 

Control proceeds to step 570 where the appropriate force is applied to the 
idler wheel. Control then continues to step 580 where the control is returned to 
step 510. 

In one embodiment, the method of determining the force to be applied to 
the an idler wheel 36 and then applying the force to the idler wheel 36 to achieve 
tension on the drive track 40 includes utilizing one or more recoil curves, such as 
curves 1 12 and 1 14 shown in the graph of FIG. 4. The x-axis of the graph is the 
displacement (in millimeters) of the idler wheel 36. The y-axis of the graph is the 
force (pounds) that will be exerted on the idler wheel 36 to control recoil. The 
graph illustrates two curves, 1 12 and 1 14, a line 116, and a wavy line 120. The 
curve 112 illustrates an appropriate recoil response when the excavator 10 is 
traveling in the forward direction 26. The wavy line 120 illustrates an actual 
recoil response. The actual recoil response 120 is near the curve 1 12 but does not 
necessarily fall directly on curve 1 12. The curve 1 14 illustrates one of a plurality 
of recoil responses when the excavator 10 is traveling in the rearward direction 
28. The line 1 16 illustrates the recoil response for a prior art work machine that 
uses a coiled spring for a tension adjustment mechanism. 
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While the curve 1 12 and the curve 1 14 have the same general shape, the 
curve 1 14 is translated up on the y-axis because more force needs to be applied 
on the idler wheel 36 to counteract the force of the drive wheel 34 pulling on the 
idler wheel 36 during travel in the rearward direction 28. As discussed above, 
during travel in the rearward direction 28, the drive wheel 34 pulls the top flight 
42 of the drive track 40 around the idler wheel 36. When the idler wheel 36 is 
positioned at the front end of the machine, this force pulls the idler wheel 36 
toward the drive wheel 34, which aids the recoil function. 

The curve 1 12, representing a desired recoil response curve when 
traveling in the forward direction 26, generally is a single curve for a single work 
machine. This is because, when traveling in the forward direction 26, the drive 
wheel 34 feeds the drive track 40 to the idler wheel 36 along the top flight 42. 
Thus, there is no pulling force on the idler wheel 36 by the drive wheel 34 to 
counteract. 

In contrast, the curve 1 14, representing a desired recoil response curve 
when traveling in the rearward direction 28, may be one of a plurality of 
appropriate recoil response curves. The force exerted on the idler wheel 36 by 
the drive wheel 34 may vary depending on the drawbar load while the work 
machine is traveling in the rearward direction. Accordingly, there are a plurality 
of recoil response curves for a work machine traveling in the rearward direction 
that may be obtained through the present invention. Because a plurality of 
appropriate recoil response curves are provided for travel in the rearward 
direction, a work machine equipped with the present invention would operate 
equally well in the forward and rearward directions with high and low drawbar 
loads. 

To graph the recoil response curves 1 12 and 114, data points may be 
plotted based on operating characteristics of the machine including the geometry 
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of the undercarriage assembly, for example, the amount of space for a bushing to 
jump off the drive wheel and the wear on the track chain. The data points of the 
recoil response curves 1 12 and 1 14 may also be based on the drawbar load or 
environment conditions, such as the underfoot condition. The drawbar load is 
generally any force that the work machine has to overcome to move in a direction 
and includes, for example, the gross vehicle weight of the work machine, as well 
as the gross vehicle weight of any attachments attached to the work machine and 
any slope on which the work machine is traveling. The underfoot condition 
refers to the surface on which the work machine is traveling and includes 
pavement, soft dirt, mud, clay, and the like. Once the data points of the recoil 
response curves 1 12 and 1 14 are plotted on a graph, an equation may be 
determined that best fits those data points. This equation may be inserted as part 
of the algorithm that is part of the code (that is stored in a memory device 104 
discussed below) that is utilized to vary the force applied to the idler wheel 36 
based on the recoil response curves 1 12 and 1 14. 

When the excavator 10 is traveling in the rearward direction 28, the fluid 
pressure to the drive motor 52a is proportional to a force pulling on the idler 
wheel 36 by the drive wheel 34 of the right undercarriage assembly 30a and, 
similarly, the fluid pressure to the drive motor 52b is proportional to a force 
pulling on the idler wheel 36 by the drive wheel 34 of the left undercarriage 
assembly 30b. For each of the undercarriage assemblies 30a, 30b, once the fluid 
pressure to its drive motor 52 (also referred to as "the drive pressure") is known, 
the fluid pressure to its hydraulic cylinder 66 may be increased to counteract the 
force that its drive wheel 34 exerts on its idler wheel 36 during travel in the 
rearward direction that tends to cause recoil. For each of the undercarriage 
assemblies 30a, 30b, the increase of fluid pressure to its hydraulic cylinder 66 
creates another force that is applied to its idler wheel 36 in the direction 26, i.e., 
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away from its rear drive wheel 34, to counteract the effect of the force of the 
drive wheel 34 pulling on the idler wheel 36. 

The recoil response of the present invention is such that the external force 
required to cause recoil of the idler wheel 36 is the same, whether the machine is 
traveling forward or reverse, with high or low drawbar loads. The force applied 
to counteract recoil varies according to whether the machine is traveling in the 
forward direction 26 or the rearward direction 28. 

It should also be appreciated that the amount of the drawbar load is 
proportional to the drive pressure because the fluid pressure to the drive motors 
52a, 52b would be increased if the drawbar load increased, in order to ensure that 
the machine may overcome the weight of the machine and/or any attachments 
and be able move in a given direction. In addition, as noted above, when the 
machine is traveling in the rearward direction 28, the fluid pressure to the drive 
motors 52 is proportional to the force pulling on the idler wheel 36. Accordingly, 
the drive pressure is proportional to both the amount of the drawbar load and the 
amount of the force pulling on the idler wheel 36 to affect recoil when the 
machine is traveling in the rearward direction 28. 

As shown in FIG. 3, in one exemplary embodiment, a controller 100 
communicates with an electrically-actuated control valve assembly 80, one or 
more pressure sensors 84, and one 6r more position sensors 86 in order to 
maintain tension on each drive track 40 of each undercarriage assembly 30a, 30b. 
For example, the controller 100 may be utilized to provide an appropriate recoil 
response (such as curve 112 (for forward direction 26) and curve 1 14 (for 
rearward direction 28) shown in FIG. 4) for the excavator 10. Generally, the 
controller 100 may receive signals from the position sensors 86 representing the 
positions of the hydraulic cylinders 66a, 66b and signals from the pressure 
sensors 84 representing the fluid pressure to each of the hydraulic motors 52a, 
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52b of the hydraulic drive system 50. Utilizing these signals, as well as an 
algorithm that includes at least one recoil response curve, the controller 1 00 may 
determine whether fluid needs to be supplied to or drained from the hydraulic 
cylinders 66a, 66b. Upon a signal from the controller 100, the control valve 
assembly 80 may be utilized to either supply fluid to or drain fluid from the 
hydraulic cylinders 66a, 66b in order to obtain a level of tension based on the 
appropriate recoil response. 

The control valve assembly 80 controls actuation of the hydraulic 
cylinders 66a, 66b in order to increase or decrease tension on its corresponding 
drive track 40. The control valve assembly 80 is electrically coupled to the 
controller 100. In one exemplary embodiment, a solenoid 82 of the control valve 
assembly 80 is electrically coupled to the controller 100 via a signal line 88. To 
increase fluid pressure in the hydraulic cylinders 66a, 66b, fluid is supplied to the 
hydraulic cylinders 66a, 66b from the fluid source 56 through the control valve 
assembly 80. To decrease fluid pressure in the hydraulic cylinders 66a, 66b, fluid 
is drained from the hydraulic cylinders 66a, 66b to the fluid reservoir 58 through 
the control valve assembly 80. 

In one exemplary embodiment, the control valve assembly 80 includes an 
independent metering valve (IMV) assembly. The IMV assembly may be 
operated to fluidly couple the hydraulic cylinders 66a, 66b so as to increase or 
decrease fluid pressure in the hydraulic cylinders 66a, 66b to increase or 
decrease, respectively, tension on the drive track 40. The IMV assembly may be 
an electrically-actuated valve assembly that includes a pressure sensor 84 therein. 

The one or more pressure sensors 84 are utilized to sense pressure in one 
or more fluid lines. In an exemplary embodiment, one pressure sensor 84 senses 
the fluid pressure to the hydraulic motor 52a (that drives the drive wheel 34 for 
the undercarriage assembly 30a), while a second pressure sensor 84 senses the 
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fluid pressure to the hydraulic motor 52b (that drives the drive wheel 34 for the 
undercarriage assembly 30b). Each pressure sensor 84 may be electrically 
coupled to the controller 100 via a signal line 90. Thus, in the embodiment 
including two pressure sensors 84, output signals generated by the pressure 
sensors 84 are communicated to the controller 1 00 via a pair of signal lines 90. 

The one or more position sensors 86 may be located such that they can 
monitor the position of a number of undercarriage components relative to one 
another. At least one of the position sensors 86 is provided to sense the position 
of one rod 70 relative to its corresponding housing 68 of one of the hydraulic 
cylinders 66a, 66b. In one exemplary embodiment, two position sensors 86 are 
provided, each to sense the position of each rod 70 relative to its corresponding 
housing 68 of each of the hydraulic cylinders 66a, 66b. The position sensors 86 
may be provided as any type of sensor which is capable of sensing the position of 
the rods 70. It should be appreciated that the position of the idler wheels 36 may 
be ascertained from the position of the rod 70 relative to its corresponding 
housing 68. In another exemplary embodiment, at least one of the position 
sensors 86 may be provided to sense the position of at least one of the idler 
wheels 36. For example, the position sensors may be magnetostrictive position 
sensors that are part of the hydraulic cylinders 66a, 66b or linear displacement 
transducers. 

Each position sensor 86 may be electrically coupled to the controller 100 
via a signal line 92 or, in the alternative, via wireless communication (not 
shown). Thus, in the embodiment including two position sensors 86 for sensing 
each of idler wheels 36 of both undercarriage assemblies 30a, 30b, output signals 
generated by the position sensors 86 are communicated to the controller 100 via a 
pair of signal lines 92. Such output signals may be generated and thereafter 
communicated by the position sensors 86 in numerous forms. For example, the 
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position sensors 86 may generate output signals in the form of an analog DC 
voltage, or in the form of a signal utilizing current-to-pulse signal timing or pulse 
width modulation. 

The controller 100 includes electrical components commonly found in 
other work machine controllers, such as a microprocessor 102, a memory device 
104, and an interface circuit 106. The controller 100 may be a dedicated 
controller for controlling the components shown in FIG. 3. In the alternative, the 
controller 100 may be integrated into another controller associated with the 
excavator 10, such as an engine controller (not shown), transmission controller 
(not shown), or an implement controller (not shown). 

The interface circuit 106 converts the output signals from the one or more 
pressure sensors 84 and the one or more position sensors 86 into signals that are 
suitable for presentation to an input of the microprocessor 102. It should be 
appreciated that the magnitude of the voltage generated by each pressure sensor 
84 is indicative of the hydraulic fluid pressure to one of the hydraulic motors 52a, 
52b, while the magnitude of the voltage generated by each position sensor 86 is 
indicative of the position of one of the rods 70 within its corresponding cylinder 
housing 68 or, more generally, the position of one of the idler wheels 36. 

The interface circuit 106 also converts output signals generated by the 
microprocessor 102 into signals which are suitable for use by the solenoid 82 
associated with the control valve assembly 80. In particular, the interface circuit 
106 may convert the output signals from the microprocessor 102 into an analog 
actuation pulse which actuates the solenoid 82, thereby positioning the control 
valve assembly 80 into one of its actuated positions in order to cause extension or 
retraction of the hydraulic cylinders 66a, 66b, as described above. It should be 
appreciated that the interface circuit 106 may be embodied as a discrete device or 
a number of devices, or may be integrated into the microprocessor 102. 
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The memory device 104 is provided to store the code or set of instructions 
that are executed by the controller 100 during operation of the track tensioning 
assembly 60. For example, the memory device 104 is utilized to store the code 
containing an algorithm that includes a plurality of appropriate recoil curves, 
such as a recoil curve 112 (see FIG. 4) for travel in the forward direction 26 and a 
plurality of recoil curves 1 14 (see FIG. 4) for travel in the rearward direction 28, 
for a variety of parameters. Moreover, operation parameters may also be stored 
in the memory device 104. The memory device may be embodied as any known 
memory device, such as RAM and/or ROM devices. 

As discussed above, in an exemplary embodiment, the controller 100, 
along with the control valve assembly 80, the pressure sensor(s) 84, and the 
position sensor(s) 86, are utilized to ensure that the recoil response of a work 
machine is at or near a level of tension based on the desired recoil curves 1 12 and 
1 14 for that machine. Again, the actual recoil response may not fall directly on 
curve 1 12 or 1 14, but may fall generally around these curves, such as shown in 
the wavy line 120 that follows the general shape of curve 1 12. 

As noted above, there are a plurality of recoil response curves 1 14 for a 
single work machine. In one embodiment, the controller 100 first determines 
which of the available recoil response curves is the appropriate recoil response 
curve. For example, the controller 100 may select the appropriate recoil 
response curve 114 based on the reverse drive pressure (the drive pressure to the 
hydraulic motors 52a, 52b when the excavator is traveling in the rearward 
direction 28) sensed by the pressure sensor 84, because the reverse drive pressure 
is proportional to the force pulling on the idler wheel 36. Thus, the appropriate 
recoil response curve 114 selected is based on compensating or counteracting for 
that force pulling on the idler wheel 36. As discussed above, the appropriate 
recoil response curve 114 selected is indirectly reflective of the drawbar load and 
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the underfoot condition because each of the available recoil response curves 
include data points that are reflective of the drawbar load and the underfoot 
condition. 

In an exemplary embodiment, when the reverse drive pressure to the drive 
motors 52a, 52b is continuously sensed by pressure sensors 84, the controller 100 
continuously selects an appropriate recoil response curve 1 14 for each of the 
undercarriage assemblies 30a, 30b, respectively. A later selected appropriate 
recoil response curves 114 may be similar to an earlier curve if conditions are 
relatively constant or may be quite different if conditions change, such as, for 
example, traveling on a different surface (a different underfoot condition). 

Optionally, applying the appropriate force to the idler wheel 36 based 
upon a recoil curve 1 12 or 1 14 includes sensing a position of the idler wheel 36 
to determine the amount of recoil of the idler wheel 36, plotting the sensed 
position of the idler wheel 36 on the recoil curve 1 12 or 1 14, and varying the 
force to the idler wheel 36 based on the recoil curve 1 12 or recoil curve 1 14. 

More particularly, the position sensor 86 senses the position of rod 70 
within its corresponding housing 68 of at least one of the hydraulic cylinders 66a, 
66b. In an exemplary embodiment, two position sensors 86 each sense the 
position of a rod 70 within its corresponding housing 68 of both hydraulic 
cylinders 66a, 66b. It should be appreciated that the position of the idler wheel 
36 is dependent on the position of the rod 70. Thus, once the position of the rod 
70 relative to its corresponding housing 68 is determined, then the position of the 
idler wheel 36 may be determined or, in other words, the amount of recoil of the 
idler wheel 36. In the exemplary embodiment, because both hydraulic cylinders 
66a, 66b are being sensed, the amount of recoil of both idler wheels 36 may be 
determined. 
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Once the amount of recoil of the idler wheel 36 is inputted into the 
controller 100, the controller 100 compares the position of the idler wheel 36 to 
the recoil curve 1 12 (when the excavator 10 is traveling in the forward direction 
26) or the appropriate recoil curve 1 14 that the controller 100 has selected for that 
situation (when the excavator 10 is traveling in the rearward direction 28). In the 
exemplary embodiment, because the amount of recoil of both idler wheels 36 are 
determined, the positions of both of the idler wheels 36 are compared to the recoil 
curve 1 12 or 1 14 for that undercarriage assembly 30a, 30b. 

For each undercarriage assembly 30a, 30b, the amount of idler wheel 36 
recoil is a position value (on the x-axis) on a graph, such as shown in FIG. 4. 
Knowing that idler wheel 36 position, it is determined how much to vary the 
force applied to the idler wheel 36 by determining what the appropriate force on 
the idler wheel 36 should be based on the recoil curve 112 (when traveling in the 
forward direction 26) or the appropriate recoil curve 1 14 (when traveling in the 
rearward direction 28). For example, if the idler wheel 36 recoil is around 20 
mm, then the amount of force that should be applied to the idler wheel 36 is 
shown as X f in FIG. 4 during travel in the forward direction 26 and is shown as 
X r during travel in the rearward direction 28. In the exemplary embodiment, the 
amount of force to be applied to the idler wheel 36 is determined for both idler 
wheels 36 of both undercarriage assemblies 30a, 30b based on the recoil curve 
1 12 or the appropriate recoil curve 114 that the controller has selected for each of 
the undercarriage assemblies 30a, 30b. 

After it is determined how much force should be applied to the idler 
wheel 36 based on the recoil response curve 1 12 or the appropriate recoil 
response curve 114, the controller 100 signals the control valve assembly 80 to 
either supply fluid to or drain fluid from one or both recoil assemblies 64 in order 
to move one or both rods 70 relative to its or their corresponding housings 68 in 
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order to exert more force or less force, respectively, on the idler wheels 36 of one 
or both of the undercarriage assemblies 30a, 30b. During travel in the rearward 
direction 28, this additional force on the idler wheel 36 is a force that counteracts 
the effect of the force exerted on the idler wheel 36 by the drive wheel 34 during 
travel in the rearward direction 28. Accordingly, in the manner described above, 
the controller 100 controls operation of the control valve assembly 80 so as to 
increase fluid pressure in the hydraulic cylinder 66a and/or hydraulic cylinder 
66b to exert more force on one or both of the idler wheels 36. This force is 
exerted on the idler wheels 36 in the forward direction 26 to counteract the force 
that the rear drive wheel 34 exerts on the idler wheels 36 during travel in the 
rearward direction 28. 

Industrial Applicability 

The present invention allows for determining the appropriate force to be 
applied to the idler wheel 36 based on the direction of operation of a track-type 
work machine and applying the appropriate force to the idler wheel 36 to achieve 
a predetermined tension on the drive track 40. When the track-type work 
machine is traveling in the direction from the drive wheel 34 to the idler wheel 
36, the appropriate force to the idler wheel 36 may be applied in a variable 
manner based on a recoil curve, such as curve 112. When the track-type work 
machine is traveling in the direction from the idler wheel 36 to the drive wheel 
34, the appropriate force to the idler wheel 36 may be applied in a variable 
manner by, first, determining the pressure to the drive wheel to select an 
appropriate recoil curve, such as curve 1 14, then determining the idler position, 
and then using the determined idler position value to determined the appropriate 
force based on the selected recoil curve. 
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With respect to the excavator 10 of the exemplary embodiment, the 
controller 100 communicates with the control valve assembly 80, the pressure 
sensors 84, and the position sensors 86 in order to ensure that the recoil response 
of the excavator 10 complies with the appropriate recoil curves for that excavator 
1 0 in a particular situation. The pressure sensors 84 sense the fluid pressure to 
both hydraulic motors 52a, 52b of the hydraulic system 50, and the values of the 
sensed fluid pressures are inputted to the controller 100. Similarly, the position 
sensors 86 sense the position of the rod 70 relative to its corresponding housing 
68 for both of the undercarriage assemblies 30, and these position values are also 
inputted to the controller 100. The controller 100 utilizes these values in an 
algorithm contained within the memory device 104 of the controller 100. The 
algorithm within the memory device 104 includes therein various operating 
parameters, including a plurality of recoil response curves for when the excavator 
10 is traveling in the rearward direction 28 that are dependent, at least in part, on 
the drawbar load and environmental conditions. Again, there is generally only 
one desired recoil response curve for an excavator 10 that is traveling in the 
frontward direction 26. 

Accordingly, during travel in the forward direction 26, the algorithm 
includes a recoil response curve 1 12. During travel in the rearward direction 28, 
from the plurality of recoil response curves available in the algorithm, the 
controller 100 provides an appropriate recoil response curve 1 14 (with respect to 
each idler wheel 36 for each of the undercarriage assemblies 30a, 30b) based on 
the drive pressure that the pressure sensor 84 senses is going to both hydraulic 
drive motors 52a, 52b. This drive pressure is proportional to the force pulling on 
the idler wheel 36 when the excavator is traveling in the rearward direction 28. 
Thus, the controller 100 provides the appropriate recoil response curve 1 14 for 
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each idler wheel 36 to compensate for that force pulling on the idler wheel 36 for 
each of the undercarriage assemblies 30a, 30b. 

For both undercarriage assemblies 30a, 30b, the controller determines 
how much the idler wheel 36 is recoiled using the position sensors 86 that sense 
the position of the rods 70 relative to their corresponding housings 68 of both 
hydraulic cylinders 66a, 66b. Knowing how much the idler wheel 36 is recoiled 
of each undercarriage assembly 30a, 30b, the controller 100 compares that sensed 
position value of the idler wheel 36 with the recoil response curve 1 12 (when 
traveling in the forward direction 26) or 114 (when traveling in the rearward 
direction 28) for each undercarriage assembly 30a, 30b. As stated above, as an 
example, using the recoil response curves 112 and 114 shown in the graph of 
FIG. 4, if the idler wheel 36 recoil is around 20 mm, then the amount of force that 
is appropriate to be exerted on the idler wheel 36 is shown as Xf in FIG. 4 when 
traveling in the forward direction 26 and is shown as X r in FIG. 4 when traveling 
in the rearward direction 28. 

To achieve that appropriate force on the idler wheel 36, the controller 100 
outputs signals to the control valve assembly 80. Upon receiving the output 
signal from the controller 100, the control valve assembly 80 supplies fluid to or 
drains fluid from one or both hydraulic cylinders 66a, 66b to achieve that 
appropriate force. 

In contrast to the currently available work machines, the present invention 
allows for a recoil response for both forward and rearward directions. By 
monitoring the system conditions, such as drive pressure, the present invention 
takes into account factors such as drawbar load and underfoot conditions in 
selecting the appropriate recoil response curve. This allows for appropriate 
tensioning of the track chain during work operation and travel, thereby resulting 
in extending the useful life of the machine. While the disclosed embodiment 
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refers to an excavator, it should be understood that the present invention has 
wider application to various types of tracked vehicles. 

Other aspects and features of the present invention can be obtained from a 
study of the drawings, the disclosure, and the appended claims. 



